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(54) Method of driving a flat panel display device

(57) A method of driving a flat-panel display device
divides a frame into areas and makes the boundary of
each area inconspicuous, to properly show images on
the display. The method prepares compensation data
whose voltages are substantially equal to those of video
data provided at the start of a horizontal scan period
and supplies the compensation data to video bus lines
in a blanking period of the preceding horizontal scan
period.



EP 1 052 615 A2

2

Description

[0001] The present patent application claims the
benefit of earlier Japanese Patent Application No. H11-
130391 filed on May 11, 1999, the disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a method of
driving a flat-panel display device such as a liquid crys-
tal display device, and particularly, to a method of driv-
ing an active-matrix liquid crystal display device.

2. Description of the Related Art

[0003] Flat-panel display devices, in particular, liq-
uid crystal display devices are light, thin, and low power
consumption and are widely used. Among them, active-
matrix liquid crystal display devices (AM-LCDs) employ-
ing switch elements for each pixel are popularly used in
offices.
[0004] The switch elements used for AM-LCDs are
mainly polysilicon TFTs. The AM-LCDs with polysilicon
TFTs are capable of integrating drivers on a glass sub-
strate of a liquid crystal panel, and therefore, are advan-
tageous in simplifying wiring and reducing sizes.
[0005] In an AM-LCD with polysilicon TFTs, drivers
integrated on a glass substrate of a liquid crystal (LC)
panel are connected to an external driver through FPCs
(flexible printed circuits). The external driver sends ana-
log video data to the drivers on the LC panel. The ana-
log video data is sampled through video bus lines and
analog switches for data lines of the LC panel. The data
lines bold video data, which is written into pixel elec-
trodes of the LC panel through TFTs provided to the
pixel portion.
[0006] The external driver sends analog video data
to the driver on the LC panel at a speed of 40 MHz for
SVGA (800 x 600 pixels), and 65 MHz for XGA (1024 x
768 pixels). These speeds are too fast for present poly-
silicon TFTs, and therefore, must be slowed down. To
achieve this, one proposal divides a frame to be dis-
played on an LC panel into areas and simultaneously
drive the areas. Another proposal divides a frame into
areas, divides each of the areas into blocks each includ-
ing "n" data lines, and simultaneously drives the areas
while sequentially driving the blocks one after another in
each. This proposal is capable of slowing down the
operation speed of TFTs, than that proposal.
[0007] A method of driving an AM-LCD with polysil-
icon TFTs by dividing a frame into areas and each area
into blocks will be explained. The example mentioned
below divides each area into 32 blocks and sequentially
drives the blocks from the block 1 toward the block 32.
[0008] Figure 1 is a timing chart showing the opera-

tion of the AM-LCD whose frame is divided into areas
and each area into 32 blocks.

[0009] An external driver (not shown) receives
video data (c), prepares video data (d) for each block,
and sends the video data (d) to a data line driver on the
LCD.
[0010] The video data (d) corresponds to video data
(b) for one block. The video data (c) is asynchronous to
the video data (d).
[0011] The external driver receives the video data
(c) that includes, for example, red data R249 to R256,
green data G249 to G256, and blue data B249 to B256
in series from, for example, a personal computer (PC).
The external driver rearranges these data pieces, pre-
pares the parallel video data (d) such as R249, G249,
and B249 to R256, G256, and B256, and supplies the
video data (d) to the data line driver on the LCD. The
details of the rearrangement of data pieces will be
explained later.
[0012] The video data (d) is sent to, for example, the
block 1. Each block collectively receives its own video
data, and the blocks in each area sequentially receive
video data to fill a horizontal line in each area.
[0013] A horizontal scan period is consists of a
write period (W) and a blanking period (B). The video
data (b) is supplied to video bus lines in a write period
(W) of a horizontal synchronous signal (a) that deter-
mines each horizontal scan period. The video bus lines
are connected to data lines contained in the blocks of
each area. In Fig. 1, the blocks 1 to 32 sequentially
receive video data through the video bus lines during a
write period (W). After a blanking period (B), the blocks
1 to 32 again receive data one after another. In each
blanking period (B), video data is supplied which irrele-
vant to display.
[0014] The data lines and video bus lines has
capacitance and resistance elements whose sizes vary
due to manufacturing variations. These elements cause
a video data transmission delay, i.e., a voltage delay.
The voltage delay increases as a time constant in wiring
increases. A large voltage delay prevents video data
sampled for a data line from acquiring a required volt-
age. A shift register in the driver on the LCD involves
manufacturing variations, and these variations also
cause insufficient voltages on some data lines. When
the blocks in each area are sequentially scanned, a
block that is proximate to the boundary of the area, i.e.,
a first block to be driven at the start of a write period fre-
quently receives insufficient voltages for video data
sampled for the first block. This results in deteriorating
the contrast of the block and making the boundary of the
area noticeable.
[0015] A large voltage delay also causes a double
sampling of video data to show a so-called ghost. The
ghost frequently occurs in the last block in each area at
the end of a write period.
[0016] When a horizontal line displays halftones on
consecutive pixels and black on a last pixel, the horizon-
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tal line partly becomes white. When a horizontal line
displays halftones on consecutive pixels and white on a
last pixel, the horizontal line partly becomes black.
These problems occur due to horizontal crosstalk and
deteriorate the quality of display.

SUMMARY OF THE INVENTION

[0017] An object of the present invention is to pro-
vide a method of driving a flat-panel display device that
divides a frame into areas, capable of making bounda-
ries among the areas unnoticeable and clearly display-
ing images on the display.
[0018] Another object of the present invention is to
provide a method of driving a flat-panel display device,
capable of preventing ghosts and displaying high-quality
images on the display.
[0019] Still another object of the present invention is
to provide a method of driving a flat-panel display
device, capable of eliminating horizontal crosstalk and
displaying high-quality images on the display.
[0020] In order to accomplish the objects, the
present invention provides a method of driving a flat-
panel display that consists of a first electrode substrate,
a second electrode substrate, an optical modulation
layer, a data line driver, a gate line driver, and an exter-
nal driver. The first electrode substrate includes data
lines, gate lines to form a matrix with the data lines, pixel
electrodes formed at intersections of the data and gate
lines, respectively, and switch elements provided for the
pixel electrodes, respectively. Each of the switch ele-
ments is turned on and off by a gate signal passed
through a corresponding one of the gate lines and con-
nects, if turned on, a corresponding one of the data
lines to the corresponding pixel electrode to write sam-
pled video data on the data line into the pixel electrode.
The second electrode substrate includes counter elec-
trodes that face the pixel electrodes with a predeter-
mined gap between them. The optical modulation layer
is sandwiched between the first and second electrode
substrates. The data line driver connects "n" of the data
lines to video bus lines and samples video data for the n
data lines in synchronization with a horizontal scan
period. The gate line driver supplies a gate signal to one
of the gate lines in synchronization with a horizontal
scan period. The external driver converts external video
data into video data for "n" of the data lines and collec-
tively supplies the video data to the video bus lines. The
method includes the steps of preparing, for each hori-
zontal scan period, compensation data "A" whose volt-
ages are substantially equal to those of video data to be
supplied to the video bus lines at the start of a write
period of the horizontal scan period in question, and
supplying the compensation data "A" to the video bus
lines during a blanking period of a horizontal scan
period that just precedes the horizontal scan period in
question.
[0021] This method prepares, for each horizontal

scan period, compensation data "A" whose voltages are
substantially equal to those of video data to be supplied
to the video bus lines at the start of a write period of the
horizontal scan period, and supplies the compensation
data "A" to the video bus lines during a blanking period
of a horizontal scan period that just precedes the hori-
zontal scan period in question. As a result, the video
bus lines are already charged by the compensation data
"A" at the start of the write period of the horizontal scan
period in question. Namely, the data lines of a first block
to be scanned at the start of the write period may have
correct voltages for the video data. Then, the first block
presents a proper contrast to make a boundary unno-
ticeable, thereby clearly displaying images on the dis-
play.

[0022] The method may further include the steps of
preparing, for each horizontal scan period, compensa-
tion data "B" whose voltages are substantially equal to
those of video data to be supplied to the video bus lines
at the end of a write period of the horizontal scan period
in question, and supplying the compensation data "B" to
the video bus lines during a blanking period of the hori-
zontal scan period in question.
[0023] Namely, in addition to the compensation
data "A," the method prepares, for each horizontal scan
period, compensation data "B" whose voltages are sub-
stantially equal to those of video data to be supplied to
the video bus lines at the end of a write period of the
horizontal scan period in question, and supplies the
compensation data "B" to the video bus lines during a
blanking period of the horizontal scan period in ques-
tion. The compensation data "B" prevents a ghost, to
further improve the quality of display.
[0024] The method may further include the steps of
preparing, for each horizontal scan period, black video
data and supplying the black video data after the com-
pensation data "B" to the video bus lines during a blank-
ing period of the horizontal scan period in question.
[0025] Namely, in addition to the compensation
data "A" and "B," the method prepares, for each hori-
zontal scan period, black video data and supplies the
black video data after the compensation data "B" to the
video bus lines during a blanking period of the horizon-
tal scan period in question. The black video data pre-
vents horizontal crosstalk when a horizontal line
displays halftones on consecutive pixels and black or
white on a last pixel, thereby improving the quality of
display.
[0026] As a preferable embodiment, the compensa-
tion data "A" prepared for a horizontal scan period may
be equal to video data to be supplied to the video bus
lines at the start of a write period of the horizontal scan
period.
[0027] As a preferable embodiment, the compensa-
tion data "B" prepared for a horizontal scan period may
be equal to video data to be supplied to the video bus
lines at the end of a write period of the horizontal scan
period.
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[0028] As a preferable embodiment, the compensa-
tion data "A" prepared for a horizontal scan period may
be supplied to the video bus lines just before video data
for the start of a write period of the horizontal scan
period is supplied to the video bus lines.

[0029] As a preferable embodiment, the compensa-
tion data "B" prepared for a horizontal scan period may
be supplied to the video bus lines just after video data
for the end of a write period of the horizontal scan
period is supplied to the video bus lines.
[0030] As a preferable embodiment, the data lines
may be disconnected from the video bus lines during
the blanking period of each horizontal scan period.
[0031] As a preferable embodiment, the gate line
driver and data line driver may be integrated on the first
electrode substrate.
[0032] As a preferable embodiment, the data line
driver may include the video bus lines.
[0033] As a preferable embodiment, the data lines
may be divided into at least first and second groups, and
the data line driver may sample video data simultane-
ously for the first and second groups starting from a
data line proximate to a boundary between the first and
second groups toward a data line at the opposite end in
each of the first and second groups.
[0034] According to this embodiment, may elimi-
nate discontinuity along a boundary between the adja-
cent areas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Figure 1 is a timing chart showing a method of driv-
ing a flat-panel display device according to the prior
art;

Fig. 2 generally shows an LCD that is driven
according to a first embodiment of the present
invention;

Fig. 3 is a circuit diagram showing an LC panel of
the LCD of Fig. 2;

Fig. 4 is a circuit diagram showing an external driver
of the LCD of Fig. 2;

Fig. 5 is a wiring diagram explaining a method of
driving the LCD of Fig. 2;

Fig. 6 is an enlarged view showing an area L1 of
Fig. 5;

Fig. 7 is a circuit diagram showing a part of a data
line driver of the LCD of Fig. 2;

Fig. 8 shows video data rearranged according to
the first embodiment;

Fig. 9 is a timing chart explaining the first embodi-
ment; and

Fig. 10 is a timing chart explaining an LCD driving
method according to a second embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0036] Embodiments of the present invention will be
explained with reference to the accompanying draw-
ings. In this embodiments, the present invention is
applied to AM-LCDs having polysilicon TFTs.

1.1 First embodiment

1.1.1 Structure of LCD

[0037] Figure 2 generally shows an LCD having
polysilicon TFTs driven according to the first embodi-
ment of the present invention. The LCD 100 has an LC
panel 101 with drivers, a driver board 102 for supplying
analog video data, vertical and horizontal synchronous
signals, and clock signals to the panel 101, and flexible
printed circuits (FPCs) 106 for electrically connecting
the panel 101 and driver board 102 to each other.
[0038] Figure 3 is a circuit diagram showing the
panel 101. The panel 101 has an active matrix portion
1, a gate line driver 2, and a data line driver 3. The driv-
ers 2 and 3 drive the active matrix portion 1. A common
circuit (counter electrode driver) 4 is arranged on the
driver board 102 as shown in Fig. 2 and is also shown in
Fig. 3 for the sake of easy understanding.
[0039] The active matrix portion 1 has liquid crystal
pixels 5 arranged in a matrix. Each of the pixels 5 con-
sists of a pixel electrode 8, a counter electrode 7, and a
liquid crystal layer 9 sandwiched between the elec-
trodes 8 and 7. The pixel electrode 8 is connected to a
TFT 6 serving as a switch element to write video data
into the pixel electrode 8. The gate of the TFT 6 is con-
nected to a corresponding one of gate lines G1 to Gn
that form rows of the active matrix portion 1. The drain
of the TFT 6 is connected to a corresponding one of
data lines D1 to Dm that form columns of the active
matrix portion 1. The source of the TFT 6 is connected
to the pixel electrode 8. The counter electrodes 7 of all
pixels 5 are connected to the common circuit 4.
[0040] The gate line driver 2 has a shift register (not
shown) and a buffer (not shown). In response to a verti-
cal synchronous signal STV and vertical clock signal
CKV provided by the driver board 102, the gate line
driver 2 supplies an address signal sequentially to the
gate lines G1 to Gn.
[0041] The data line driver 3 has analog switches
(not shown) for connecting the data lines D1 to Dm to
video bus lines, which is turned on and off by a control
signal, a sample-hold circuit (not shown) for supplying a
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control signal to the analog switches, and a shift register
(not shown) for controlling the operation timing of the
sample-hold circuit. The data line driver 3 receives a
horizontal synchronous signal STH, horizontal clock
signal CKH, polarity inversion signal Vpol, and analog
video data from the driver board 102. The data line
driver 3 is divided into four parts as will be explained
later.

[0042] The TFTs 6, pixels electrodes 8, gate line
driver 2, and data line driver 3 are integrated on an insu-
lating substrate 14. Also, shift registers and switches in
the gate line driver 2 and data line driver 3 are made of
polysilicon TFTs.
[0043] The driver board 102 of Fig. 2 has a control
IC 103, a positive D/A converter 11, a negative D/A con-
verter 12, and the common circuit 4. The driver board
102 is connected to a personal computer (PC) (not
shown) through an FPC 107.
[0044] To reduce power consumption, the first
embodiment employs the two D/A converters 11 and 12
each having small output amplitude, one for positive
polarity and the other for negative polarity. Accordingly,
the data line driver 3 supplies positive video data and
negative video data to the data lines through separate
paths, and the polarities of the video bus lines in the
data line driver 3 are not alternated, thereby halving the
amplitude of video data. The present invention, how-
ever, is not limited to this arrangement with two D/A con-
verters. The present invention is also achievable with a
single D/A converter.
[0045] Figure 4 shows essential parts of the driver
board 102. The control IC 103 receives digital video
data, reference clock signal, and composite synchro-
nous signal (including vertical and horizontal synchro-
nous signals) from the PC. The panel 101 contains
1024 pixels in each horizontal line (row). Each pixel con-
sists of red (R), green (G), and blue (B) sub-pixels.
Namely, digital video data from the PC includes 3072
pieces (1024 x 3) of bit data for each horizontal line.
[0046] The control IC 103 has a rearrangement cir-
cuit 15, a selector 16, a control signal generator 17, a
video data controller 18, and other controllers (not
shown).
[0047] The rearrangement circuit 15 rearranges
digital video data from the PC so that the data may
properly be sampled for the video bus lines according to
polarity inversion. The rearrangement circuit 15
includes a 2-line memory (not shown).
[0048] The selector 16 selectively provides the
rearranged data to the D/A converters 11 and 12
according to the polarity of a frame.
[0049] The control signal generator 17 receives the
reference clock signal and composite synchronous sig-
nal from the PC and generates the polarity inversion
signal Vpol, clock signals, and other control signals.
[0050] The video data controller 18 adds compen-
sation data to the rearranged data. More precisely, the
video data controller 18 prepares compensation data

that is equal to video data provided at the start of a hor-
izontal scan period and inserts the compensation data
just before the video data provided at the start of the
horizontal scan period.

[0051] The positive and negative D/A converters 11
and 12 convert the digital video data provided by the
control IC 103 into analog parallel video data, which is
supplied to the video bus lines of the data line driver 3.
[0052] According to the first embodiment, a frame
of image displayed on the panel 101 is divided into four
areas along the data lines and each area into 32 blocks.
Each block includes 24 data lines. Each of the four
areas simultaneously receives 24 pieces of video data
for one of the 32 blocks through the 24 data lines. In
more detail, the positive D/A converter 11 provides 12
pieces of positive video data to each area, i.e., 48
pieces of positive video data in total for the four areas.
The negative D/A converter 12 provides 12 pieces of
negative video data to each area, i.e., 48 pieces of neg-
ative video data in total for the four areas.
[0053] The D/A converter 11 contains 48 positive
D/A converter elements (not shown), and the D/A con-
verter 12 contains 48 negative D/A converter elements
(not shown).

1.1.2 Polarity inversion

[0054] Polarity inversion to drive the panel 101 will
be explained.
[0055] To maintain the quality of a liquid crystal
layer, a standard LCD alternates the polarities of poten-
tial differences applied to pixel electrodes and counter
electrodes frame by frame. To invert polarities, there are
a V-line inversion method that alternates potential-differ-
ence polarities vertical line by vertical line (column by
column), and an H-V-line inversion method that alter-
nates potential-difference polarities pixel by pixel.
[0056] To drive liquid crystals, a voltage of about ±5
V is necessary. Accordingly, these inversion methods
require drivers that have a withstand voltage of 10 V,
and therefore, hardly reduce power consumption. To
solve this problem, low-power-consumption LCDs have
been proposed.
[0057] An example of such low-power-consumption
LCDs is disclosed in Japanese Unexamined Patent
Publication No. Hei-9-186161. The LCD of this disclo-
sure has D/A converters for converting serial digital
video data into parallel analog data, and amplifiers con-
nected to the D/A converters, respectively. The amplifi-
ers connected to adjacent D/A converters are
connected to voltage sources of opposite polarities.
Each amplifier has a pair of switches that are connected
to data lines, respectively. According to this disclosure,
drivers may have a withstand voltage of the same polar-
ity, to reduce power consumption. Adjacent data lines
may share a video data bus, to reduce the number of
video data buses as well as circuit sizes.
[0058] According to this disclosure, odd D/A con-
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verters drive odd data lines and even D/A converters
drive even data lines in a frame period. In the next frame
period, the odd D/A converters drive the even data lines
and the even D/A converters drive the odd data lines. To
invert polarities, the disclosure employs an external
memory to rearrange video data frame by frame.

[0059] An LC panel driving method mentioned
below employs the same polarity inversion technique
and video data rearranging technique as those of the
above-mentioned disclosure.

1.1.3 Method of driving LC panel

[0060] A basic method of driving the LC panel 101
(Fig. 2) will be explained.
[0061] Figure 5 is a wiring diagram showing the
method of driving the panel 101 and the relationship
between data lines and video bus lines connected
thereto.
[0062] The panel 101 is divided into four areas L1,
L2, R1, and R2 along the data lines. Boundaries of
these areas are indicated with dotted lines. The data
lines in the four areas are scanned from the boundaries
L and R in arrow directions, to eliminate discontinuity
along the boundaries of the four areas.
[0063] To achieve such scanning, the data line
driver 3 is internally divided into four. Namely, the data
line driver 3 has shift registers, sample-hold circuits,
etc., for the four areas, respectively.
[0064] Compared with driving a frame with a shift
register, simultaneously driving four areas of a frame
with four shift registers can quadruple the sampling time
of each shift register, to improve the quality of display.
[0065] Each of channels CN-L and CN-R receives
48 pieces of analog video data from the driver board
102. Namely, the channel CN-L receives 48 pieces of
analog video data for the areas L1 and L2 each of which
receives 24 pieces of the analog video data, and the
channel CN-R receives 48 pieces of analog video data
for the areas R1 and R2 each of which receives 24
pieces of the analog video data.
[0066] Each of the four areas L1, L2, R1, and R2 of
the panel 101 has 24 video bus lines such as L1P1,
L1N1, ..., L1N12 to pass the video data to analog
switches (not shown).
[0067] The video bus lines include ones to receive
positive video data and ones to receive negative video
data. The positive and negative video bus lines are
alternately arranged. Any video bus line that receives
positive video data has a suffix "P" and any video line
that receives negative video data has a suffix "N" in Fig.
5. For example, the video bus line L1P1 receives posi-
tive video data, and the video bus line L1N1 receives
negative video data.
[0068] Figure 6 is an enlarged view showing the
area L1 of Fig. 5. Each area is divided into 32 blocks,
and each block includes 8 data lines for each of red,
green, and blue, i.e., 24 data lines in total in each block.

For example, the block 1 has data lines to receive data
pieces R249 to R256, G249 to G256, and B249 to
B256. Similarly, the block 32 has data lines to receive
data pieces R1 to R8, G1 to G8, and B1 to B8.

[0069] Each block simultaneously samples 24 data
pieces through the 24 data lines including 8 data lines
for red, 8 data lines for green, and 8 data lines for blue.
The data pieces sampled by each block through the 24
data lines form 8 pixels in a horizontal line (row) on the
panel 101. In each of the areas L1, L2, R1, and R2, the
32 blocks sequentially sample video data and write the
video data in a horizontal line.
[0070] In the area L1 of Fig. 6, video data is sam-
pled for the 32 blocks sequentially from the block 1
toward the block 32. Namely, in the area L1, the video
data pieces R1 to B256 are sampled from the data
piece B256 toward the data piece R1. In the other areas
L2, R1, and R2, video data pieces are sampled in the
same manner. Since each block includes 24 data lines,
each area includes 768 data lines (24 x 32) because
each area consists of 32 blocks. This means that a hor-
izontal scan period covering the four areas involves
3072 data lines. Video data pieces sampled for these
3072 data lines form 1024 pixels along each horizontal
line. Such video data sampling is repeated for all gate
lines, which correspond to horizontal lines, respectively,
to write a frame of the panel 101.
[0071] The first embodiment drives the panel 101
according to the V-line inversion method. In each frame
period, the data line driver 3 samples video data of
opposite polarities so that the potentials of adjacent
data lines may have opposite polarities with respect to a
reference voltage. In addition, the polarities of the data
lines are inverted frame by frame.
[0072] Figure 7 shows a part of the data line driver
3 for driving the area L1 of Fig. 6. The part shown in Fig.
7 is one of the four sections of the data line driver 3 that
drive the areas L1, L2, R1, and R2, respectively. In Fig.
7, elements having reference numerals are representa-
tive elements among like pads.
[0073] The part shown in Fig. 7 of the data line
driver 3 consists of a shift register 111, a sample-hold
circuit 112, and an analog switch circuit 113. The shift
register 111 provides a control signal Q according to
which the sample-hold circuit 112 controls the conduc-
tivity of the analog switch circuit 113. The data line
driver 3 samples analog video data provided by the
driver board 102 for the data lines in synchronization
with the horizontal clock signal CKH.
[0074] The control signal Q is supplied to odd
switches 112a and even switches 112b. A video bus line
125 receives a positive analog signal, and a video bus
line 126 receives a negative analog signal.
[0075] The analog switch circuit 113 contains a pair
of p-channel transistor 114 and n-channel transistor
116, and a pair of p-channel transistor 115 and n-chan-
nel transistor 117. The positive video bus line 125 is
connected to data lines Dm-n and Dm-(n-1) through the
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transistors 114 and 115. The negative video bus line
126 is connected to the data lines Dm-n and Dm-(n-1)
through the transistors 116 and 117.

[0076] The gate of the transistor 114 is connected
to an output terminal of an OR gate 118. The gate of the
transistor 116 is connected to an output terminal of an
AND gate 119. The gate of the transistor 115 is con-
nected to an output terminal of a NAND gate 120. The
gate of the transistor 117 is connected to an output ter-
minal of a NOR gate 121.
[0077] The gate elements 118 to 121 receive the
polarity inversion signal Vpol. The gate elements 119
and 120 receive the control signal Q from the shift reg-
ister 111. The OR gate 118 receives the control signal Q
through an inverter 122. The NOR gate 121 receives
the control signal Q through an inverter 123. The shift
register 111 sequentially shifts the horizontal synchro-
nous signal STH in synchronization with the horizontal
clock signal CKH. The shift register 111 provides the
control signal Q according to the horizontal synchro-
nous signal STH.
[0078] The operation of the adjacent data lines Dm-
n and Dm-(n-1) and the related analog switch 113 and
switches 112a and 112b will be explained. The polarity
inversion signal Vpol supplied to the switches 112a and
112b is low to indicate a positive polarity and high to
indicate a negative polarity. The signal Vpol is changed
frame by frame.
[0079] An operation in a write period in a horizontal
scan period will be explained. If the polarity inversion
signal Vpol is low, the OR gate 118 passes the control
signal Q, and the output of the AND gate 119 is low. The
output of the NAND gate 120 is high, and the NOR gate
121 provides an inversion of the control signal Q. As a
result, the transistor 114 becomes conductive in
response to the control signal Q, and the transistors 116
and 115 become nonconductive. The transistor 117
becomes conductive in response to the control signal Q.
Consequently, the data line Dm-n samples positive
video data according to the control signal Q, and the
data line Dm-(n-1) samples negative video data accord-
ing to the control signal Q.
[0080] If the polarity inversion signal Vpol is high,
the OR gate 118 becomes high, and the AND gate 119
passes the control signal Q. The NAND gate 120 pro-
vides an inversion of the control signal Q, and the output
of the NOR gate 121 becomes low. As a result, the tran-
sistor 114 becomes nonconductive, and the transistor
116 becomes conductive in response to the control sig-
nal Q. The transistor 115 becomes conductive in
response to the control signal Q, and the transistor 117
becomes nonconductive. Consequently, the data line
Dm-n samples negative data according to the control
signal Q, and the data line Dm-(n-1) samples positive
video data according to the control signal Q.
[0081] During a blanking period in each horizontal
scan period, the shift register 111 provides no control
signal Q, and therefore, the transistors in the analog

switch circuit 113 are each nonconductive. During the
blanking period, compensation data is supplied to the
video bus lines 125 and 126 to charge the video bus
lines 125 and 126.

[0082] The above operation is repeated frame by
frame, so that the data lines Dm-n and Dm-(n-1) alter-
nately sample positive and negative video data. Simi-
larly, the other data lines alternately sample positive and
negative video data.
[0083] In Fig. 7, the video bus line 125 receives only
positive video data, and the video bus line 126 receives
only negative video data. Namely, each gate element in
the sample-hold circuit 112 is operated with a withstand
voltage of single polarity, thereby reducing power con-
sumption.

1.1.4 Data rearrangement and distribution

[0084] Figure 8 shows video data rearranged by the
control IC 103. The right side of Fig. 8 shows video data
pieces supplied from the PC and rearranged by the con-
trol IC 103 to display them in a horizontal line on the
panel 101. The rearranged video data pieces are dis-
tributed to the 32 blocks of each of the areas L1, L2, R1,
and R2 of the panel 101. The left side of Fig. 8 shows
the polarity (POL) of the polarity inversion signal Vpol
and rules for distributing the video data pieces for the
video bus lines according to the signal Vpol. If POL = 0
(low), the polarity inversion signal Vpol is positive, and if
POL = 1 (high), the signal Vpol is negative.
[0085] Data distribution for the block 1 in the area
L1 will be explained.
[0086] If POL = 0, the block 1 receives a video data
piece R249 through the video bus line L1P1 and a video
data piece G249 through the video bus line L1N1. The
data piece R249 is sampled through the p-channel tran-
sistor 114 (Fig. 7) for the data line Dm-n. The data piece
G249 is sampled through the n-channel transistor 117
for the data line Dm-(n-1). If POL = 1, the block 1
receives a video data piece G249 through the video bus
line L1P1 and a video data piece R249 through the
video bus line L1N1. The data piece G249 is sampled
through the p-channel transistor 115 for the data line
Dm-(n-1), and the data piece R249 is sampled through
the n-channel transistor 116 for the data line Dm-n. The
rearrangement data pieces of Fig. 8 make the video bus
line 125 always receive positive video data pieces and
the video bus line 126 negative video data pieces.
Although the adjacent data lines Dm-n and Dm-(n-1)
alternately receive positive and negative video data
pieces, each of the video bus lines 125 and 126 always
receives video data of the same polarity.

1.1.5 Video data to video bus lines according to first
embodiment

[0087] Video data supplied to the video bus lines of
the panel 101 according to the first embodiment will be
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explained.

[0088] Figure 9 is a timing chart showing the LCD
driving method of the first embodiment.
[0089] The driving method of Fig. 9 drives the panel
101 of Fig. 2. The first embodiment divides the panel
101 into four areas and each area into 32 blocks.
[0090] The data line driver 3 receives analog video
data from the driver board 102 in synchronization with a
rise of a horizontal synchronous signal (a). The analog
video data includes rearranged video data and compen-
sation data A. The compensation data A is equal to
video data for the block 1 that is at the start of a horizon-
tal scan period. The compensation data A is supplied in
a blanking period that just precedes the video data for
the block 1. In the remaining part of the blanking period,
signals irrelevant to display are supplied.
[0091] The compensation data A charges the video
bus lines before the start of a write period of the hori-
zontal scan period in question. This secures correct
voltages for the video data for the data lines of the block
1, and therefore, the block 1 always provides a correct
contrast.
[0092] As a result, a boundary at the start of the
write period becomes unnoticeable so that the panel
101 may display high-quality images.

1.2 Second embodiment

[0093] A method of driving an LCD according to the
second embodiment of the present invention will be
explained. The second embodiment is applied to, as an
example, the LCD having polysilicon TFTs of Fig. 2.

1.2.1 Structure of LCD

[0094] According to the second embodiment, the
video data controller 18 (Fig. 4) adds two pieces of com-
pensation data and a piece of black video data to rear-
ranged video data provided by the rearrangement circuit
15. More precisely, the second embodiment prepares
compensation data A that is equal to video data for the
start of a horizontal scan period and inserts the com-
pensation data A just before the video data for the start
of the horizontal scan period. The second embodiment
also prepares compensation data B that is equal to
video data for the end of a horizontal scan period and
inserts the compensation data B just after the video
data for the end of the horizontal scan period. Further,
the second embodiment prepares black video data and
inserts the black video data after the compensation data
B.

1.2.2 Video data to video bus lines according to second
embodiment

[0095] Video data supplied to the video bus lines of
the panel 101 according to the second embodiment will
be explained.

[0096] Figure 10 is a timing chart explaining the
operation of the second embodiment. Like the first
embodiment, the second embodiment divides the panel
101 into four areas and each area into 32 blocks.

[0097] The data line driver 3 receives analog video
data from the driver board 102 in synchronization with a
rise of a horizontal synchronous signal (a). The analog
video data includes rearranged video data, compensa-
tion data A, compensation data B, and black video data.
[0098] The compensation data A is equal to video
data for the block 1 that is at the start of a horizontal
scan period. The compensation data B is equal to video
data for the block 32 that is at the end of the horizontal
scan period. The black video data added to the com-
pensation data B lasts for one block period. The remain-
ing part of each blanking period receives data irrelevant
to display.
[0099] The compensation data A inserted just
before video data provided for the start of a horizontal
scan period helps increase the voltages of the video
data provided for the start of the horizontal scan period
to correct levels. As a result, the block 1 secures a
required contrast. The compensation data B added to
video data provided for the end of the horizontal scan
period prevents a ghost due to a voltage delay in the
block 32 that is at the end of a write period of the hori-
zontal scan period. The black video data added to the
compensation data B suppresses horizontal crosstalk.
Even if a horizontal line involves consecutive pixels that
display halftones and a last pixel that displays black or
white, the black video data added to the compensation
data B prevents color disturbance in the horizontal line.
Namely, it prevents the horizontal line from partly
becoming white or black.
[0100] The second embodiment makes a boundary
along the first block of each area of the panel 101 unno-
ticeable, thereby properly displaying images on the
panel 101. The second embodiment suppresses a
ghost at a last block that is at the end of a write period
in each area. Even if a horizontal line displays halftones
on consecutive pixels and black or white on a last pixel,
the second embodiment causes no horizontal crosstalk
and displays high-quality images on the panel 101.
[0101] Various modifications will become possible
for those skilled in the art after receiving the teachings
of the present disclosure without departing from the
scope thereof.
[0102] For example, the compensation data A that
is equal to video data for the first block of a horizontal
line according to the first embodiment may not be equal
to the video data for the first block if the voltages of the
compensation data A are substantially equal to those of
the video data for the first block.
[0103] It is not always necessary to insert the com-
pensation data A just before the first block. It may be
inserted anywhere in a blanking period of the preceding
horizontal scan period.
[0104] The period of the compensation data in a
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blanking period may be shorter or longer than the
period of one block. To sufficiently charge the video bus
lines with the compensation data, it is preferable that the
period of the compensation data is longer than the
period of one block.

[0105] To eliminate horizontal crosstalk, the second
embodiment inserts black video data of at least one-
block period in a blanking period. The period of the
black video data may be equal to two or more blocks.
[0106] The second embodiment makes the com-
pensation data A equal to video data for the first block
that is at the start of a horizontal line in each area. The
compensation data A of the second embodiment is not
necessarily equal to the video data for the first block if
the voltages of the compensation data A are substan-
tially equal to those of the video data for the first block.
[0107] It is possible to insert the compensation data
A that is equal to first video data provided at the start of
a horizontal scan period just before the first video data
and inserts the compensation data B that is equal to last
video data provided at the end of the horizontal scan
period just after the last video data. This technique also
makes a boundary of each area unnoticeable and sup-
presses a ghost at the last block in a write period.
[0108] Although the first and second embodiments
employ the V-line inversion method, the present inven-
tion is also applicable to the H-V-line inversion method
that inverts the polarities of video data row by row.
[0109] The embodiments mentioned above are only
for exemplary purposes and are not intended to limit the
present invention. The scope of the present invention is
specified in the following claims and it is understood that
all modifications that fall under the claims are covered
by the present invention.

Claims

1. For driving a flat-panel display device having:

a first electrode substrate including data lines,
gate lines to form a matrix, pixel electrodes
formed at intersections of the data and gate
lines, respectively, and switch elements pro-
vided for the pixel electrodes, respectively,
each of the switch elements being turned on
and off by a gate signal passed through a cor-
responding one of the gate lines and connect-
ing, if turned on, a corresponding one of the
data lines to the corresponding pixel electrode
to write sampled video data on the data line
into the pixel electrode;

a second electrode substrate including counter
electrodes that face the pixel electrodes with a
predetermined gap between them;

an optical modulation layer sandwiched
between the first and second electrode sub-

strates;

a data line driver for connecting "n" of the data
lines to video bus lines and sampling video
data for the n data lines in synchronization with
a horizontal scan period;

a gate line driver for supplying a gate signal to
one of the gate lines in synchronization with a
horizontal scan period; and

an external driver for converting external video
data into video data for "n" of the data lines and
collectively supplying the video data to the
video bus lines, a method comprising the steps
of:

preparing, for each horizontal scan period,
compensation data (A) whose voltages are
substantially equal to those of video data to be
supplied to the video bus lines at the start of a
write period of the horizontal scan period in
question; and

supplying the compensation data (A) to the
video bus lines during a blanking period of a
horizontal scan period that just precedes the
horizontal scan period in question.

2. The method of claim 1, further comprising the steps
of:

preparing, for each horizontal scan period,
compensation data (B) whose voltages are
substantially equal to those of video data to be
supplied to the video bus lines at the end of a
write period of the horizontal scan period in
question; and

supplying the compensation data (B) to the
video bus lines during a blanking period of the
horizontal scan period in question.

3. The method of claim 2, further comprising the steps
of:

preparing, for each horizontal scan period,
black video data; and
supplying the black video data after the com-
pensation data (B) to the video bus lines during
a blanking period of the horizontal scan period
in question.

4. The method of any one of claims 1 to 3, wherein:

the compensation data (A) prepared for a hori-
zontal scan period is equal to video data to be
supplied to the video bus lines at the start of a
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write period of the horizontal scan period.

5. The method of any one of claims 2 to 4, wherein:

the compensation data (B) prepared for a hori-
zontal scan period is equal to video data to be
supplied to the video bus lines at the end of a
write period of the horizontal scan period.

6. The method of any one of claims 1 to 5, wherein:

the compensation data (A) prepared for a hori-
zontal scan period is supplied to the video bus
lines just before video data to be supplied to
the video bus lines at the start of a write period
of the horizontal scan period.

7. The method of any one of claims 2 to 6, wherein:

the compensation data (B) prepared for a hori-
zontal scan period is supplied to the video bus
lines just after video data to be supplied to the
video bus lines at the end of a write period of
the horizontal scan period.

8. The method of any one of claims 1 to 7, wherein:

the data lines are disconnected from the video
bus lines during the blanking period of each
horizontal scan period.

9. The method of claim 1, wherein:

the gate line driver and data line driver are inte-
grated on the first electrode substrate.

10. The method of claim 9, wherein:

the data line driver includes the video bus lines.

11. The method of any one of claims 9 and 10, wherein:

the data lines are divided into at least first and
second groups; and

the data line driver samples video data simulta-
neously for the first and second groups, so that
the sampled video data is delivered to the data
lines from a data line proximate to a boundary
between the first and second groups toward a
data line at the opposite end in each of the first
and second groups.
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